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Ao Ruan Vale, meu grande parceiro que sempre está presente. 

. Obrigada por tudo, você é um amigo mais que irmão.
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 O 

extrato fresco (3172 ± 1,90) e a fração de acetato de etila (2605 ± 1,65) exibiram os maiores 

teores de fenólicos totais e de flavonoides totais. Na análise química do extrato fresco, foram 

identificados os compostos químicos Carajurona (m/z 285,0723) e Carajurina (m/z 299,0876). 

diclorometânica

diclorometânica

diclorometânica
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Uma Só Saúde

(ilustrado e em linguagem acessível), primando pela missão das 

universidades em produzir e difundir conhecimento intramuros e extramuros, propiciando a 

interação dialógica, interdisciplinaridade, indissociabilidade entre o ensino-pesquisa-extensão, 

impacto na formação do estudante e na transformação social. 

Página 26/119Processo Associado: 23129.001228/2026-13



9

–

–

–

–

Página 27/119Processo Associado: 23129.001228/2026-13



10

– –

Página 28/119Processo Associado: 23129.001228/2026-13



11
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destino final cursos d’água com população ambiental característica, tendo como efeito a troca 
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O termo ‘’Uma Só Saúde’’ 
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. (2022), à “pandemia da RAM” deve ser 

“

”
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“ ”,

realidade alarmante, presente em todos os países, numa “era pós antibiótica” onde infecções 
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Figura 1. Tambaqui (Colossoma macropomum)

Fonte: Portal Amazônia (2021).

No contexto do Maranhão, o estado desponta como um centro promissor na produção 

de peixes cultivados, ocupando a sexta posição no ranking brasileiro, atrás tão somente dos 

estados do Paraná (213.300 toneladas - t), São Paulo (82.400 t), Minas Gerais (61.600 t), 

Rondônia (56.500 t) e Santa Catarina (56.100 t). Foram produzidos no Estado, em 2023, 49.153 

toneladas (t) de peixes, das quais 38.343 t eram de peixes nativos (tambaqui, tambatinga, 
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curimatá, piau e matrinxã); 5.800 t de carpas, trutas e pangasius; e, 5.010 t de tilápia (Peixe BR, 

2024). 
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–

–

–

De forma geral, as espécies de Aeromonas sp. são sensíveis à tetraciclina, gentamicina, 

cloranfenicol, sulfonamidas, amicacina, nitrofurantoína, tobramicina e cefalosporina de terceira 

geração e apresentam-se resistentes à penicilina, ampicilina, carbenicilina, eritromicina e 

vancomicina (Altwegg, 1999). A utilização indevida e indiscriminada de antibióticos tem 

contribuído para o surgimento de cepas resistentes, impactando tanto o ecossistema quanto a 

saúde e segurança da população em geral (Silva et al., 2022).

Página 44/119Processo Associado: 23129.001228/2026-13



27

Frente a situação acima citada, produtos naturais são excelentes alternativas para serem 

utilizadas em substituição ou em sinergismo com os antimicrobianos, visando estabelecer 

protocolos adequados para o tratamento de doenças bacterianas nessa classe de vertebrados 

(Souza et al., 2017).  
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Lohmann (pariri) (Figura 2), 

coletadas de plantas adultas no período chuvoso, turno da manhã, horário em que há maior 

concentração dos compostos fenólicos (Baskar; Venkatesh; Ramalingam, 2018). A coleta foi 

realizada no município de São Luís, estado do Maranhão, Brasil, sob as coordenadas 

2°35'21.8"S 44°12'19.1"W.
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A exsicata da planta foi depositada no Herbário Ático Seabra da Universidade Federal 

do Maranhão (UFMA) e encontra-se registrada sob o número 01067.

Lohmann

–

A obtenção do extrato e o 

Página 47/119Processo Associado: 23129.001228/2026-13



30

fracionamento foram realizados em ambiente sem luminosidade e temperatura controlada para 

evitar alteração química dos metabólitos secundários. 

Eq. 1: 𝑀𝑎𝑠𝑠𝑎 ݐ݋ݐ𝑎݈ =  ெ௔௦௦௔ ௘௠ 1௠௅ × ௏௢௟௨௠௘ ௗ௢ ௙௜௟௧௥௔ௗ௢1 ௠௅
Eq. 2: ܴ݁݊݀݅݉݁݊݋ݐ (%) =  ெ௔௦௦௔ ௧௢௧௔௟ ×100 ெ௔௦௦௔ ௗ௢ ௠௔௧௘௥௜௔௟ ௨௧௜௟௜௭௔ௗ௢ ௡௔ ௠௔௥௖௘௥௔çã௢ ௢௨ ௣௔௥௧௜çã௢
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μg/mL. Na 
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–

–

“ Culture Collection”

Página 50/119Processo Associado: 23129.001228/2026-13



33

µg/mL para o extrato fresco, fração hexânica e fração aquosa; 1000 

µg/mL para a fração diclorometânica e 250 µg/mL para a fração acetato etílica.

–
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–

controle branco (H₂O estéril); 

μL da solução do extrato μg/mL), fração dicloromet

μg/mL) e fração acetato de etila (concentrações 100, 40 e 2

μg/mL), 
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–

consideradas quando o valor de P ≤ 5 %.

• Capítulo 1: é apresentado o artigo intitulado “ANTIMICROBIAL ACTIVITY 
OF FRESH EXTRACT AND FRACTIONS OF Fridericia chica 
(BIGNONIACEAE) AGAINST MULTI-DRUG RESISTANT 
PATHOGENIC Aeromonas ISOLATED FROM Colossoma macropomum, 

submetido à revista Brazilian Journal of Biology. 

• Capítulo 2: consta o guia orientativo intitulado “BACTÉRIAS 
MULTIRRESISTENTES EM AMBIENTES AQUÁTICOS E RISCOS 
PARA A SAÚDE ÚNICA” publicado pela editora EDUEMA, ISBN digital 

978-85-8227-596-2.
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PATHOGENIC Aeromonas ISOLATED FROM Colossoma macropomum 
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–

–

1.95 µg mL⁻¹, followed by dichloromethane fraction, with MIC values ranging from 15.62 to 

31.25 µg mL⁻¹. Fresh extract displayed MIC values ranging from 39.06 to 10,000 µg mL⁻¹. 
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Gentamicin exhibited MIC and MBC values between 3.12 and 25 µg mL⁻¹. Extract and 

POTENCIAL ANTIMICROBIANO DO EXTRATO FRESCO E FRAÇÕES DE 

BIGNONIACEAE) FRENTE A Aeromonas PATOGÊNICAS 

MULTIRRESISTENTES A ANTIMICROBIANOS ISOLADAS DE Colossoma 

macropomum 
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 O extrato 

fresco (3172 ± 1,90) e a fração de acetato de etila (2605 ± 1,65) exibiram os maiores teores de 

fenólicos totais e de flavonoides totais. Na análise química do extrato fresco, foram 

identificados os compostos químicos Carajurona (m/z 285,0723) e Carajurina (m/z 299,0876). 

diclorometânica

Commonly known as crajiru, pariri, and carajuru, Fridericia chica (Bonpl.) L.G. 

Lohmann is a species native to the Brazilian Amazon region and belongs to the family 

Bignoniaceae. It is a climbing shrub that can reach up to two meters in height (Ferreira, 2005). 

Its astringent and emollient properties, as well as its characteristic red pigment resulting from 
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presence of 3-deoxyanthocyanins, particularly carajurin (Zorn et al., 2001), have been widely 

exploited in cosmetic production (Barros et al., 2008).

Fridericia chica also exhibits several pharmacological properties, including 

antimicrobial activity (Mafioleti et al., 2013), anti-inflammatory, antiangiogenic, and 

antiproliferative effects (Michel et al., 2015), wound-healing activity (Aro et al., 2013), 

antiparasitic effects (Miranda et al., 2017), and antioxidant activity (Siraichi et al., 2013; 

Martins et al., 2016; Ribeiro et al., 2018). Although this species has been extensively studied 

and its biological activities well documented, studies evaluating its antimicrobial activity 

against pathogenic Aeromonas isolated from native fish species remain unavailable.

Among pathogens affecting fish, bacteria belonging to genus Aeromonas are widely 

recognized for their pathogenicity (Sebastião et al., 2015; Pessoa et al., 2019). Currently, 36 

Aeromonas species have been described, of which at least 19 are considered emerging 

pathogens (Pessoa et al., 2019; Fernández-Bravo and Figuera, 2020). Among these, Aeromonas 

hydrophila stands out as one of the most frequently isolated species in global aquaculture, 

infecting a wide range of fish species (Pessoa et al., 2019). In Brazil, occurrence of this 

bacterium has been reported in native fish such as Colossoma macropomum (Pessoa et al., 2019; 

Leão et al., 2020; Gallani et al., 2020; Silva et al., 2024).

Motile aeromonads cause Motile Aeromonas Septicemia (MAS), a disease characterized 

by hemorrhagic septicemia with skin lesions, hemorrhages, and ulcerations, often accompanied 

by stress-related hyperlocomotion and high morbidity and mortality rates (Figueiredo and Leal, 

2008; Tavares-Dias and Martins, 2017; Bandeira Junior et al., 2019; Pessoa et al., 2019).

Despite the importance of this bacterial group in aquaculture and frequent recurrence of 

infections, no antimicrobial compounds are currently approved in Brazil for treatment of 

aeromonosis in native fish species. In this context, plant-derived natural extracts with 

phytogenic potential (Hashemi and Davoodi, 2011) represent promising alternatives such as 
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natural antimicrobials, supporting development of effective and sustainable protocols for 

bacterial disease control in fish. Therefore, this study aimed to evaluate antimicrobial activity 

of fresh extract and fractions from Fridericia chica (Bignoniaceae) against multidrug-resistant 

pathogenic Aeromonas isolated from Colossoma macropomum.

e, Brazil (2°35′21.8″ S, 44°12′19.1″ W). A voucher 

.

–
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Eq. 1: ܶݐ݋𝑎݈ ݉𝑎𝑠𝑠 =  ெ௔௦௦ ௣௘௥ ௠௅ × ி௜௟௧௥௔௧௘ ௩௢௟௨௠௘1 ௠௅
Eq. 2: ܻ݈݅݁݀ (%) =  ்௢௧௔௟ ௠௔௦௦ ×100 ெ௔௦௦ ௢௙ ௠௔௧௘௥௜௔௟ ௨௦௘ௗ ௙௢௥ ௠௔௖௘௥௔௧௜௢௡ ௢௥ ௣௔௥௧௜௧௜௢௡௜௡௚

–

concentrations ranging from 5 to 50 µg mL⁻¹.
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ressure at 12 psi; dry gas flow at 4 L min⁻¹ with a temperature of 180 °C; and 
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solution to achieve turbidity equivalent to a 0.5 McFarland standard (approximately 1.5 × 10⁸ 

mL⁻¹), confirmed by spectrophotometric reading at 600 nm, with absorbance values 

–

sulfoxide (DMSO) at the following concentrations: 10,000 µg mL⁻¹ for the fresh extract, hexane 

fraction, and aqueous fraction; 1,000 µg mL⁻¹ for the dichloromethane fraction; and 250 µg 

mL⁻¹ for the ethyl acetate fraction.

–

– – –

– – –

– –

–

–

–
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corresponds to the lowest concentration, expressed in µg mL⁻¹, required to render microbial cells nonviable 
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–

H₂O); and (iii) sham control (larvae punctured with a needle without injection).

and 2.5 µg mL⁻¹), dichloromethane fraction (100, 40, and 2.5 µg mL⁻¹), or ethyl acetate fraction 

(100, 40, and 2.5 µg mL⁻¹). Injections were administered using an insul

by analysis of variance (ANOVA), followed by Tukey’s test. Nonparametric data were 

–Wallis’s test, followed by Dunn’s test. In all analyses, differences 

were considered statistically significant at p ≤ 0.05.

3.1 Extraction yields of Fridericia chica (Bonpl.) L.G. Lohmann extract and fractions

The extraction method allowed recovery of fractions with different polarities due to use 

of solvents with varying polarity. Extraction yields of the fresh extract and its fractions are 

summarized in Table 1, ranging from 2.46% to 19.48%.
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Table 1. Extraction yield of fresh extract and aqueous, dichloromethane, hexane, and ethyl 

acetate fractions of Fridericia chica (Bonpl.) L.G. Lohmann

* Means of five replicates ± standard deviation are shown. Means followed by 

different letters within the same column differ significantly according to Tukey’s 

multiple comparisons test (p < 0.05)

3.2 Total phenolic and flavonoid contents of extract and fractions from Fridericia chica (Bonpl.) 

L.G. Lohmann

Chemical quantification of extract and fractions from F. chica is summarized in Table 

2, presenting values obtained by linear regression based on calibration curves for total phenolics 

(y = 0.0007x − 0.0762; R² = 0.9940) and total flavonoids (y = 0.0294x − 0.0898; R² = 0.9961).

Table 2. Total phenolic content of fresh extract and aqueous, dichloromethane, hexane, and 

ethyl acetate fractions of Fridericia chica (Bonpl.) L.G. Lohmann.
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*GAE = gallic acid equivalent. *EQ = quercetin equivalent. Means of three replicates ± 

standard deviation are shown. Means followed by different letters within the same column differ 

significantly according to Tukey’s multiple comparisons test (p < 0.05)

The fresh extract (3172 ± 1.90) and the ethyl acetate fraction (2,605 ± 1.65) exhibited 

the highest total phenolic contents, with values significantly higher than those of the other 

fractions and with a statistically significant difference between them (Table 2). A similar pattern 

was observed for total flavonoid content, with the fresh extract (2,606 ± 6.13) and, particularly, 

the ethyl acetate fraction (17,214 ± 3.54) showing the highest values and a significant difference 

between them. The remaining fractions, which presented lower contents, also differed 

significantly from one another. 

Analysis of the F. chica fresh extract by mass spectrometry using positive-mode 

electrospray ionization (ESI⁺), performed by direct infusion and full-scan acquisition, revealed 

a complex chemical profile (Figure 1) characteristic of plant extracts rich in secondary 

metabolites. Because collision-induced dissociation (MS/MS) experiments were not conducted, 

detected signals were interpreted as protonated molecular ions, adducts, and related ionic 

species, which precluded unequivocal assignment of fragment ions.

Figure 1. Mass spectrum of the fresh extract of Fridericia chica obtained by direct infusion 

electrospray ionization in positive mode (ESI⁺).
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Source: Author’s file (2025)

The mass spectrum obtained (Figure 1) exhibited a distribution of ions mainly within 

the m/z ranges of 120–260, 270–500, and 550–690, indicating presence of low-, medium-, and 

high-molecular-weight compounds. The most intense signal was detected at m/z 160.0947 and 

was interpreted as the protonated molecular ion [M+H]⁺ of the major metabolite present in the 

fresh extract.

In addition to this predominant compound (m/z 160.0947), several lower-intensity ions 

were detected in the m/z range of 130–250 (m/z 144.1001, 166.0817, 203.0501, 217.0286, and 

245.0599). These signals are consistent with simple phenolic metabolites or structurally related 

ions commonly observed in positive-mode ESI⁺ analyses of plant extracts.

Within the intermediate mass range (m/z 280–380), prominent signals were observed at 

m/z 285.0723, 299.0876, 345.0552, 365.1009, and 381.0537. Based on accurate mass data, it 

was possible to tentatively identify carajurone at m/z 285.0723 [M+H]⁺ and carajurin at m/z 

299.0876 [M+H]⁺, compounds previously reported in F. chica.

Additional ions detected between m/z 400 and 460 (m/z 411.1934, 429.3693, 437.1897, 

and 453.1620) suggest presence of conjugated phenolic metabolites, possibly glycosylated 
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flavonoids or anthraquinone derivatives, reflecting increased structural complexity. In the 

higher mass region (m/z 580–690), the spectrum displayed a low-complexity profile, 

characterized by predominance of ions at m/z 621.3016, considered the base peak in this range, 

and m/z 593.2702, along with lower-intensity signals at m/z 637.2959, 659.2775, and 681.3187. 

These ions are compatible with high-molecular-weight polyphenols, potentially diglycosylated 

flavonoids or polysubstituted anthraquinones, complementing the metabolite profile observed 

at lower m/z values.

The ion detected at m/z 593.2702 is compatible, within an exploratory framework, with 

C-glycosylated flavonoids widely reported in plant species of the same genus, including 

vicenin-2 (apigenin-6,8-di-C-glucoside), whose deprotonated ion [M−H]⁻ has a theoretical m/z 

of approximately 594.15 (Alvarez-Ortega et al., 2021). Considering prior reports of this 

metabolite in F. chica, the detected compound may be tentatively assigned as a flavonoid 

structurally related to vicenin-2. 

3.4 Evaluation of antimicrobial activity of Fridericia chica extract and fractions

Minimum inhibitory concentration (MIC) values of fresh extract and fractions from F. 

chica were determined against 54 multidrug-resistant Aeromonas spp. isolates, all of which 

were inhibited by at least one tested concentration (Table 3). The ethyl acetate fraction (250–

1.95 µg mL⁻¹) and the dichloromethane fraction (1,000–7.81 µg mL⁻¹) exhibited the strongest 

antimicrobial activity, showing inhibitory effects at lower concentrations than those observed 

for the other fractions and the fresh extract.

Table 3. Minimum inhibitory concentration (MIC) of fresh extract and aqueous, 

dichloromethane, hexane, and ethyl acetate fractions of Fridericia chica (Bonpl.) L.G. 

Lohmann, and gentamicin, against 54 Aeromonas spp. isolates after 24 h of exposure

Página 69/119Processo Associado: 23129.001228/2026-13



52

Where:*Means ± standard deviation

Both ethyl acetate and dichloromethane fractions demonstrated strong antimicrobial 

activity; however, the ethyl acetate fraction was the most effective, inhibiting growth of all 

tested isolates even at the lowest concentration assessed. In contrast, the fresh extract showed 

variable activity among Aeromonas spp. isolates, with more pronounced effects against A. 
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media and A. hydrophila. The aqueous and hexane fractions showed limited activity, as most 

isolates exhibited resistance even at the highest tested concentration (10,000 µg mL⁻¹), 

indicating weak antimicrobial effects.

MIC and minimum bactericidal concentration (MBC) results (Table 4) further 

confirmed strong antimicrobial potential of the dichloromethane and ethyl acetate fractions of 

F. chica, as both exhibited low concentrations capable of effectively inhibiting and killing the 

tested isolates. Notably, the ethyl acetate fraction showed the best overall performance, with 

MIC and MBC values of 1.95 µg mL⁻¹ against all isolates, demonstrating efficacy at 

concentrations lower than those of gentamicin (3.12 µg mL⁻¹), used as a broad-spectrum 

positive control. MBC results also indicated strong bactericidal activity of the fresh extract 

against A. media and moderate activity against A. caviae

–
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Table 5 summarizes acute toxic effects of the fresh extract (FE) and the dichloromethane 

and ethyl acetate fractions of F. chica at different concentrations, assessed based on survival of 

experimental organisms over a seven-day period following treatment.

All control groups (sham, blank, and clean) exhibited 100% survival throughout the 

experiment, indicating absence of spontaneous mortality and confirming adequacy of 

experimental conditions. These results also demonstrate that neither experimental procedures 

nor exposure medium interfered with larval viability.

Table 5. Acute toxicity assessment based on survival of Tenebrio molitor larvae over 7 days 

following treatment with different concentrations of fresh extract and fractions of Fridericia 

chica

μg/mL
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Where: FE = fresh extract; DM = dichloromethane fraction; EA = ethyl acetate fraction.

For the fresh extract, 100% survival was observed at concentrations of 2.5 and 40 µg 

mL⁻¹. At 100 µg mL⁻¹, one larva died, resulting in a survival rate of 90%, indicating a slight 

increase in toxicity only at the highest tested concentration.

The dichloromethane fraction exhibited a toxicity profile similar to that of the fresh 

extract. Concentrations of 2.5 and 40 µg mL⁻¹ did not induce mortality, maintaining 100% 

survival. At 100 µg mL⁻¹, survival decreased to 90%, suggesting a possible dose-dependent 

trend, although toxicity remained moderate.

In contrast, the ethyl acetate fraction exerted a greater effect on T. molitor survival 

compared with the other treatments. At 2.5 µg mL⁻¹, survival decreased to 80%, indicating 

increased sensitivity of larvae even at the lowest concentration tested. At 40 µg mL⁻¹, survival 

increased to 90%, approaching values observed for the fresh extract and dichloromethane 

fraction. However, at 100 µg mL⁻¹, survival reached 100%, suggesting a non-linear toxicity 

response, possibly related to differences in bioavailability, metabolism, or interaction with the 

test organism.
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Survival curve analysis of T. molitor larvae was performed using the Kaplan–Meier 

method (Figure 2) and demonstrated absence of relevant toxicity at the lowest concentrations 

evaluated.

Figure 2. Survival curve analysis of Tenebrio molitor larvae exposed to different 

concentrations of fresh extract (FE) and dichloromethane (DM) and ethyl acetate (EA) 

fractions of Fridericia chica

Where: The Kaplan–Meier survival curves represent mean ± standard deviation values (n = 10 

larvae per group).

The clean group, which was neither subjected to trauma nor exposed to extracts, 

maintained 100% survival. The same outcome was observed in the other control groups, 

indicating absence of mortality and providing a reference for normal survival. Among groups 

treated with the fresh extract and fractions of F. chica, concentrations of 2.5 and 40 µg mL⁻¹ 

did not affect survival, yielding results identical to those of the control groups and indicating 

absence of detectable toxicity at these concentrations. In contrast, exposure to the highest 

concentration of the dichloromethane fraction (100 µg mL⁻¹) resulted in a reduction in survival, 

suggesting a potential toxic effect at this concentration.
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The chemical profile obtained by ESI⁺ mass spectrometry highlighted metabolic 
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, reported MIC values ranging from 165 to 2640 mg mL⁻¹; however, these 

For these reasons, production of standardized extracts from F. chica with antimicrobial 

activity against different pathogenic Aeromonas spp. isolated from tambaqui appears promising. 

Results of the present study demonstrate feasibility of developing phytotherapeutic products for 
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treatment of aeromonosis in native fish species.

It is well established that molecules isolated from natural products often serve as 

prototypes for drug discovery and for investigation of new therapeutic activities (Rates, 2001). 

According to Ianck et al. (2017), medicinal plants represent valuable sources of bioactive 

compounds for pharmaceutical development and are associated with lower research costs 

compared with synthetic molecules. In this context, findings of the present study highlight 

potential of F. chica as an alternative strategy for control of Aeromonas spp. in native fish, 

contributing to reduction in use of synthetic antibiotics and, consequently, to biodiversity 

conservation and protection of aquatic ecosystems against dissemination of antimicrobial 

resistance genes.

Toxicity assays conducted with 120 Tenebrio molitor larvae indicated low acute toxicity, 

corroborating previous studies using invertebrate models (Verbel et al., 2021). These results 

reinforce potential of F. chica as a source of bioactive compounds with favorable safety profiles 

for therapeutic applications. Similarly, low or absent mortality observed in treated groups is 

consistent with reports demonstrating minimal toxicity of F. chica extracts in other biological 

models, such as Caenorhabditis elegans (nematode), even at elevated concentrations (Verbel et 

al., 2021).

These results reinforce that plant extracts such as F. chica generally exhibit low acute 

toxicity in invertebrate models when evaluated within moderate concentration ranges, with 

dose-dependent effects emerging only at higher levels. Thus, T. molitor represents a sensitive, 

reliable, and reproducible model for initial toxicological screening of natural products.

Overall, data obtained underscore potential of F. chica as an alternative for control of 

Aeromonas spp., contributing to reduction of synthetic antibiotic use in aquaculture and 

mitigation of antimicrobial resistance spread. Based on these results, it can be concluded that 

the fresh extract, as well as ethyl acetate and dichloromethane fractions, exhibited antimicrobial 
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activity ranging from strong to moderate against pathogenic Aeromonas isolates from 

Colossoma macropomum. These findings demonstrate effectiveness of tested compounds and 

reinforce their potential for development of natural antimicrobial agents

on Undifferentiated Human Neuroblastoma Cells Exposed to α

Zearalenol (α ZEL) and β Zearalenol (β  
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Uma Só Saúde

(ilustrado e em linguagem acessível). Nesse contexto, destaca-se que a dissertação está em 

consonância com a missão das universidades em produzir e difundir conhecimento intramuros 

e extramuros, propiciando a interação dialógica, interdisciplinaridade, indissociabilidade entre 

o ensino-pesquisa-extensão, impacto na formação do estudante e na transformação social. 
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